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References Figure 3 Histological coronal sections of rat laryngeal specimens stained with H&E, showing the HGF-loaded acellular scaffolds implanted into the right vocal fold wounds and control scaffolds without HGF implanted into the left vocal fold wounds (A) 3 days, (B) 7 days, (C) 30 days, and (D) 90 days after surgery (total magnification = 40 X). Arrows indicate the implants in the experimental (right) vocal folds and the control (left) vocal folds. Parts (1), (2) and (3) show the interfaces between the control scaffolds and the host tissue 3 days, 7 days and 30 days after surgery, respectively, at a higher magnification (400 X). Parts (4), (5) and (6) show the interfaces between the HGF-loaded scaffolds and the host tissue 3 days, 7 days and 30 days after surgery. Previous studies have shown that a biodegradable, acellular xenogeneic scaffold derived from the bovine vocal fold could facilitate vocal fold regeneration and promote active protein synthesis in the rat vocal fold. 1, 2 In addition, it has been reported that hepatocyte growth factor (HGF) has a potent antiscarring effect on the vocal fold. 3 This study examined the potential of the acellular scaffold as a timedrelease drug delivery system for HGF, in order to facilitate constructive tissue remodeling in a rat model.
Prospective animal experiment with control.
Fabrication of HGF loaded bovine acellular scaffolds
Acellular scaffolds were fabricated from bovine vocal fold lamina propria specimens using a salinebased decellularization method. The resultant scaffolds were sterilized using 70% ethanol followed by UV light before freeze-drying under aseptic conditions. Lyophilized scaffolds were re-hydrated in filter-sterilized PBS solution with 1μg /ml human recombinant HGF at 4 degrees for 12 hours. Control scaffolds were soaked in the PBS solution without HGF.
Assessment of glycosaminoglycans (GAGs) content in acellular scaffolds
As reported in Lai et al., 4 the amount of GAGs in an acellular scaffold is positively associated with the growth factor loading capacity and negatively correlated with the initial release burst as well as the cumulative release of the growth factor. The content of GAGs in freeze-dried acellular scaffold was quantified colorimetrically using 1,9-dimethylmethylene blue staining.
In vitro release kinetics of HGF-loaded acellular scaffolds
To assess the capability of the acellular scaffold for the loading of HGF, in vitro HGF loading and release kinetics studies were conducted. Each scaffold was incubated in a release medium (filter-sterilized PBS solution) with continuous mechanical agitation. The release medium was replaced daily and its volume was measured. The concentration of HGF in the release medium was determined with direct ELISA.
Animal surgery
Bilateral wounds were created in the posterior vocal folds of 20 rats, and acellular scaffolds loaded with HGF were implanted into the wounds unilaterally, with the contralateral vocal folds implanted with acellular scaffolds without HGF as control (Fig. 1) . After surgery, the rats were returned to the housing facility after they were fully recovered. Rats were humanely sacrificed after 3, 7, 30, and 90 days (5 rats at each time point). Their larynges were excised and stored in 10% formalin for subsequent histological examination.
Histological and immunohistological examination
The host response to the scaffold implant was assessed by hematoxylin-eosin (H&E) staining while GAGs inherent in the acellular scaffolds as well as those synthesized by the host fibroblasts were detected by Alcian blue. Immunohistochemical staining was conducted for examining collagen I, collagen III, elastin, fibronectin and hyaluronic acid (HA) similar to our previous study. 2 
Quantitative digital image analysis of histological sections
Images of the laryngeal section slides were captured using a Leica DM200 microscope and a MicroFire microscope digital CCD camera. The relative densities of collagen I, collagen III, elastin, fibronectin, HA and GAGs were estimated from their relative areas and staining intensities by digital image analysis using NIH Image J, as described in Xu et al. 2 
Statistical analysis
For results of digital image analysis, paired Student's t tests were conducted to determine if expressions of the ECM components in the left versus the right vocal folds were significantly different from one another.
The colorimetric assessment confirmed that 0.297 ± 0.07% of the total weight of an acellular scaffold consisted of GAGs (n = 5). Results of ELISA indicated that 9.01 ng ± 1.59 ng of HGF was loaded for each mg of the scaffold. Fig. 2 shows the rate of release of HGF from the acellular scaffold over a 7-day period. Figure 3 shows the typical histological sections of the laryngeal specimens obtained at the various time points (3, 7, 30, and 90 days) following implantation of the acellular scaffolds. Three days after surgery, inflammatory cells including lymphocytes, eosinophils, polymorphonuclear neutrophils (PMNs) have infiltrated almost the entire control scaffold implant in the left vocal fold (Fig. 3A) , whereas significantly fewer lymphocytes and PMNs can be observed in the HGFloaded scaffold implant in the right vocal fold. Higher levels of proliferation and infiltration of inflammatory cells in both scaffolds were observed in day 7 compared to day 3 (Fig. 3B) , without significant differences between the contralateral vocal folds. By 90 days, all scaffolds had apparently been degraded (Fig. 3D) .
Results of digital image analysis showed that the synthesis and expressions of fibrous proteins (collagen I and III, elastin) were generally attenuated by HGF-loaded scaffolds as compared to control scaffolds (Fig. 4) . For fibronectin, its mean levels in the experimental vocal folds were lower than those in the control vocal folds, except on day 3, but without statistically significant differences. For hyaluronic acid (HA), its mean relative intensities in the experimental vocal folds were closed to those of the control, except a statistically significant difference observed on day 7. Also, the expressions of GAGs seemed to be lowered by the HGF-loaded scaffolds as compared to the control scaffolds, although the differences were not statistically significant. Acellular scaffolds often demonstrate the capability to bind exogenous growth factors with inherent GAGs. 4 Our results showed that abundant GAGs were indeed found in our bovine acellular scaffold. The H&E histological results were consistent with the observations of HGF attenuating the attachment of monocytes and the sequestration of macrophages. Results of the quantitative histological analysis were consistent with the well-documented anti-scarring properties of HGF. In the present study, the bovine acellular scaffolds were implanted into the cartilaginous portion of the vocal fold instead of the membranous vocal fold due to difficulties in the surgical procedure in the small rat vocal tract. Implantation of the acellular scaffolds into the membranous vocal fold should be targeted in future studies, in order to explore the potential of the acellular scaffold loaded with HGF or other growth factors for reconstruction of the vocal fold lamina propria. Despite the differences found between the experimental and control groups, it seemed that the HGF-loaded scaffolds showed a rather weak effect. It is postulated that the effect of HGF on host cells was likely attenuated by the cytokine signaling associated with the healing of the injury site and reaction to the scaffold material. Also, the sustained release of HGF as well as the activity of HGF being released in vivo were still unknown, which could also significantly affect the therapeutic outcome of the HGF being delivered. Optimization of growth factor delivery and graft implantation is necessary for the success of future ECM scaffold-based and scaffold/growth factor-based approaches.
Optimal treatment has yet to be developed for surgical reconstruction of vocal fold lamina propria defects, such as scarring. Results of the current study suggested that the bovine acellular scaffold might facilitate the delivery of growth factors in vivo, resulting in positive host response and tissue regeneration in the rat model of vocal fold injury.
